Objective: To study the prevalence and current predictors of low body mass index (BMI) in a population undergoing a rapid nutritional transition. Design: Population-based cross-sectional study. Settings: Individuals living in the urban area of Pelotas, a medium-sized southern Brazilian city, were interviewed at home. Subjects: A multiple-stage sampling strategy was used. Out of 3372 eligible subjects, 3047 were interviewed. The study was restricted to adults (Z20 y). Main outcome measure: Low BMI was defined as o18.5 kg/m 2 . Results: The prevalence of low BMI was 2.7% (95% confidence interval: 2.1; 3.3), higher in women than men (3.8 vs 1.3%; Po0.001). In the whole sample (men and women combined), living without a partner and current smoking were positively associated with low BMI. Among women, low BMI presented a U-shaped relationship with age and was positively associated with educational level. The prevalence of low BMI in young women was 6.3%, and in highly educated young women was 8.9%. Conclusions: Consistently with previous Brazilian studies, a decline in the overall prevalence of low BMI is clear. However, differently from these studies, the predictors of low BMI in women are similar to those observed within developed countries (including low age and high education), possibly indicating an increase in eating disorders.
Introduction
There is now substantial evidence that individuals with low body mass index (BMI) have poorer health and reduced physical work capacity (James, 1994) . Women with low BMI are also more likely to have a low birthweight infant (Shetty & James, 1994) . Low BMI might be attributed to a negative energy balance due to (a) insufficient energy intake; (b) voluntary decrease in food intake or voluntary increase in activity level in order to manipulate weight status. The first pathway is typical of developing countries, where lack of food still plays a significant role. The second pathway is typical of developed societies, where eating disorders are a current public health problem.
Brazil is undergoing a rapid nutritional transition. The prevalence of adult low BMI was significantly reduced between 1976 (10%) and 1996 (5%), indicating success in tackling adult malnutrition (Monteiro et al, 2002) . As in many countries, this reduction in low BMI has been accompanied by an increasing prevalence of adult overweight and obesity (De Vasconcellos, 1994; Monteiro et al, 2002) .
The variables typically associated with eating disorders are not consistent with those related to chronic energy deficiency. Eating disorders are more frequent among women, adolescents and young adults, and individuals with higher schooling and socioeconomic level. On the other hand, chronic energy deficiency is more frequent among people from a low socioeconomic level, with low schooling and of older age. The aim of this study was to determine the prevalence of low BMI and the variables currently associated with it in a Brazilian adult population.
Materials and methods
Pelotas is a city located in the extreme south of Brazil, comprising 320 000 inhabitants of whom 93% live within the urban area (Brazilian Institute of Geography and Statistics, 1991) . A population-based cross-sectional study was undertaken in this city, with the target population constituted of individuals aged 20 y or above. A multiplestage sampling protocol was chosen to select a representative sample of households in the city. Details of the sampling strategy are available elsewhere (Hallal et al, 2003) .
Self-reported weight and height were assessed. BMI was calculated as the weight in kilograms (kg) divided by height in meters squared (m 2 ). The cut-off for low BMI (James & Francois, 1994) was below 18.5 kg/m 2 . The independent variables investigated were sex, age, partner status-living with or without a partner, schooling-years of formal education, and smoking-never smokers, ex-smokers, current smokers.
To estimate a prevalence of low BMI of 3% (71 percentage point), it would be necessary to interview 1117 subjects, including a 10% excess to cover nonresponse. The sample size calculation to explore the association between low BMI and the independent variables used the following parameters: power of 80%, prevalence ratio of 2.0 or above, estimation of low BMI of 2.5% in the nonexposed groups, nonresponse rate of 10%, 15% for multivariable analysis, and confidence level of 95%. These sample size calculations predicted a maximum sample of 2850 individuals.
Interviewers were trained for 40 h in the application, completion and codification of the questionnaire and they were blinded to the objectives and hypotheses of the investigation. Fieldwork supervisors conducted a parallel quality control study for 10% of the sample, randomly selected.
Data entry was performed twice, with automatic checks for consistency and range, using EpiInfo 6.04b software. Descriptive analysis included calculation of mean, medians and standard deviations (s.d.) for continuous variables, proportions and 95% confidence intervals (CI) for categorical ones. In the crude analysis, the prevalence of low BMI was calculated within each group of the independent variables, using Wald tests for heterogeneity or trend. Thereafter, a Poisson multivariable regression was carried out. For all statistical analyses and graphics, the software Stata 8.0. was used. The multivariable analysis was based on a hierarchical framework (Victora et al, 1997) , incorporating three levels, with the effect of each independent variable on the outcome adjusted for those in the same level or above (Victora et al, 1997) : level 1: sex and age; level 2: schooling and partner status; level 3: smoking habits. The statistical tests used in the multivariable analysis were the same as those used in the crude one. All analyses took the clustering of the sample into account, even though the design effect (deff) for the outcome variable (low BMI yes/no) was irrelevant (deff ¼ 0.97).
The Ethical Committee of the Federal University of Pelotas Medical School approved the study protocol and data were anonymously transformed prior to analysis. Informed consent was obtained from each subject.
Results
The overall nonresponse rate was 9.6%, including refusals, contact failures and individuals who could not give his/her weight and/or height. Analyses were undertaken with 3047 subjects. The average BMI was 25. Table 1 describes the sample in terms of sex, age, partner status, schooling, and smoking status, and shows the crude and adjusted analyses of the variables associated with low BMI in the whole sample (both sexes combined). In the crude analysis, low BMI was more frequent among the following groups: women, individuals aged 20-29 y, those living without a partner and current smokers. Furthermore, low BMI was positively related to schooling level. Most results of the crude analysis were confirmed in the multivariable one, except for schooling level, which was no longer linearly related to low BMI, although the trend found in the crude analysis was unchanged, and the adjusted P-value was close to significance (P ¼ 0.08).
After presenting the overall results, all analyses were stratified by sex. Restricting analysis to males, the prevalence of low BMI was not associated with age, schooling and smoking status. Males living without a partner were more likely to present low BMI (P ¼ 0.02). Only 18 cases of low BMI were detected among males (data not shown). Figure 1 presents the relationship between low BMI and age among females. There was a clear U-shaped association between these variables. Figure 2 shows that the higher the schooling level, the higher the prevalence of low BMI among females. There were 65 cases of low BMI among females.
Focusing on the groups with higher risks, it is possible to quantify the greater prevalence of low BMI. While the prevalence was 2.7% in the whole sample, it was 3.8% among women, 6.3% in young women (20-29 y), and 8.9% in young women with high schooling (Z12 y). These trends 
Discussion
In recent decades, many developing countries have entered a nutritional transition in which rapid changes in food availability and physical activity patterns have led to an upward shift in BMI. This transition has been observed in countries from Latin America (Monteiro et al, 2002; Rodriguez-Ojea et al, 2002) , Asia (Du et al, 2002; Shetty, and Africa (Benjelloun, 2002; Bourne et al, 2002; Ghassemi et al, 2002) . Changes in food supply and activity patterns have occurred likewise in Western countries, where they are also associated with increases in BMI. However, in developing countries, these changes are occurring at greater speed, and at an earlier stage in the modernizing process (Popkin, 2002) . Previous Brazilian studies show consistency with this general pattern. Urbanization has increased substantially, from 56% of the population in the 1960s to 480% in the 1990s (Monteiro et al, 2002) . The prevalence of low BMI fell from 10% in 1976 to 6% by 1989 (De Vasconcellos, 1994 , and to 5% in 1996 (Monteiro et al, 2002) . These reductions occurred in all geographical regions and in all social classes. Pelotas is a city in the relatively affluent southern part of the country, and may not be representative of the whole country. However, the current prevalence of low BMI of 2.7% represents a significant further fall, especially in males (1.3%). There has, therefore, been a consistent trend towards reducing the prevalence of low BMI, while the prevalence of obesity has also increased in adults (Monteiro et al, 2002) .
The process of westernization has been linked to an increase in eating disorders in other parts of the world, including Hong Kong (Lee et al, 1993) and Japan (Nadaoka et al, 1996) . Increased wealth and availability of food, a changing role for women, and cultural admiration for a slim body were suggested as being implicated in this change (Whitaker et al, 1989) . In Brazil, the shift in emphasis from chronic energy deficiency to obesity as the main nutritional problem among adults has been accompanied by extensive media campaigns to improve diet and activity patterns. The promotion of unrealistically thin images of women in these campaigns has already been noted (Monteiro et al, 2002) . Increasing access to television, from 24% of the population in 1970 to 88% by 1999 (Monteiro et al, 2002) , facilitates exposure to Western ideals. Significantly, Brazil appears unique among developing populations in showing a decrease in the prevalence of obesity amongst the richest 25% of women (Monteiro et al, 2002) . Thus, in this population, certain social groups appear both more resistant to obesity, and more prone to low BMI, without these effects being clearly linked to basic food availability.
Given this general trend towards improved nutritional status, it is informative to identify the current predictors of low BMI. Low BMI values may occur by more than one biological pathway. First, food intake may be inadequate for energy requirements, at any given level of physical activity. Such an approach is acknowledged in the definition of chronic energy deficiency . Second, energy intake may be voluntarily decreased, or physical activity level voluntarily increased, in order to actively manipulate weight status.
Anorexia, the commonest form of such eating disorders, is not defined on criteria of nutritional status alone, and diagnosis also incorporates a psychological dimension. In the absence of data on such a psychological dimension, our study does not allow us formally to address the prevalence of anorexia. However, in view of the contrasting epidemiological relationships between low BMI and other variables in chronic energy deficiency vs anorexia, our study does allow us to comment more broadly on the distribution of low BMI in contemporary Pelotas.
Whereas chronic energy deficiency tends to be associated with older age, poverty and poor education, anorexia is associated with young age, female sex and high education. In our study, out of 83 cases of low BMI, 65 (78.3%) were women.
Some limitations of this study should be noted. First, we used self-reported weight and height rather than measured. However, a recent study in the same population (Silveira et al, 2005) showed excellent agreement between selfreported and measured BMI, except in older women of lower socioeconomic status (a group that represents only 11% of our sample). In another Brazilian study (Fonseca et al, 2004) , the authors concluded that self-reported and measured weight and height information had good agreement and validity, although there was a slight trend towards weight underestimation and height overestimation in both sexes. Furthermore, a study in another Brazilian area showed that measured weight correlates very well (r ¼ 0.97) with selfreported weight (Schimidt et al, 1993) , although we are aware that the correlation coefficient is not a strong tool to evaluate agreement between two methods that produce continuous scores (Bland & Altman, 1986) .
Another consideration is that the sample size was not big enough to detect risks smaller than 2.0 in the whole sample. At least in relation to schooling (adjusted analysis), important differences in terms of public health failed to reach significance. Results regarding males alone should be interpreted with caution due to small numbers. Among the strengths of the study are the low refusal rate (o10%), and the similarity between the sample and the target-population demographic and socioeconomic census data (data not shown).
Low BMI in developing countries has traditionally been attributed to chronic energy deficiency; however, in developed populations, eating disorders are more relevant. Our analysis, associating a proportion of low BMI in Pelotas with educated young women, suggests eating disorders are increasingly contributing to low BMI in this population. Our study therefore suggests that the process of westernization may bring with it not only a general trend towards an increased prevalence of obesity, but also a counter-trend towards an increased prevalence of eating disorders in certain subsections of the population. Further studies, incorporating formal assessments of the prevalence of eating disorders are warranted to provide more detailed information on this issue.
